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It is extremely important to manage not only the process control that maintains and 
improves the product quality, but also the emission control that reduces the load on the 
natural environment such as air, water quality, and soil. The author’s strategy is based 
on “Analysis” can be responsible for advanced management in the manufacturing plant. 
In terms of current analysis work in the plant management, the analysis methods are 
complicated and it is often necessary to rely on the experts who have the knowledge and 
the skill. Even if the reference value can be maintained by the legal analysis frequency, 
the batch-wise analysis is insufficient to operate the plant more safely and highly. 
Therefore, the aim of this work is first to develop new online automated monitoring 
systems based on flow injection analysis method (FIA method), which has been proved 
to be very useful and versatile in many practical analyses, and then to apply them to 
the continuous analysis for surface treatment liquid of aluminum material and the 
speciation of selenium compounds in wastewater. The continuous monitoring system for 
surface treatment liquid of aluminum material can achieve the advanced management 
of process control and product quality improvement by linking with the automatic 
chemical injection system. On the other hand, the selenium speciation system can work 
to compliance to the regulation of wastewater standard method and reduce the 
treatment cost for selenium removal procedure from wastewater. 
In this work, the continuous monitoring systems for pH, electrical conductivity, boric 
acid and sulfuric acid concentration, and alkalinity, which are relatively easy to change 
in concentration within a short time, were firstly developed. Moreover, a continuous 
monitoring system for silicate was developed in order to perform an advanced 
management of pure water and pure water production equipment used in surface 
treatment plant, and then applied to plant water quality control. 
In the case of continuous measurement of pH and electrical conductivity, it is 
necessary to replenish and replace the calibration solutions and the internal liquid of 
the glass electrode automatically and regularly. Therefore, I added a function that can 
be automatically calibrated pH by suctioning pH calibration solutions (3 types) and 
allowing it to pass through the pH measurement cell. Furthermore, it was realized that 
the maintenance was improved by reducing the replenishment and replacement 
frequency by installing an internal liquid replenishment tank on the glass electrode. 
During the sampling process, the measurement accuracy was improved by devising 
piping so that the sample always reached the measurement cell without contact with 
the surrounding environment atmosphere. Because the sample is temporarily charged 
during the electrical conductivity measurement, pH measurement is always interfered 
by its charged, so a residence cell is newly provided in the middle between the electrical 
conductivity cell and the pH cell. 
A flow-through detector using a density-sound wave composite sensor was newly 
designed and adopted to the continuous measurement of boric acid and sulfuric acid, 
because the precision reduced due to the difference in reaction efficiency between boric 
acid and sulfuric acid in the batch-wise potential difference titration method which was 
normally used. 
A continuous monitoring system for alkalinity was composed by titration method 
with a photo sensor to detect the color change of indicator (Methyl red) by considering 
to improve maintenance and robustness instead of the pH glass electrode / titration 
method. 
Continuous monitoring systems for silica were developed as two kinds of flow 
analysis methods based on molybdenum blue spectrophotometry, one was using FIA 
method, the another was using sequential injection batch-wise method. The FIA method 
is characterized to enhance rapidity, and automation of analysis, and is an effective 
technology for high through put analysis for the samples that change in concentration 
within a short time. Especially, the interference of phosphate is removed by merging 
with oxalic acid after forming both phospho-molybdate and silica-molybdate. On the 
other hand, there were problems of the consumption of reagents and the interference at 
a detection by air bubbles in FIA method. The consumption of reagent solutions and 
waste increased, because the reagent solutions should be flowing continuously to get a 
stable base line and more during the analysis. Therefore, I have newly designed a 
sequential injection batch-wise automatic analyzer using a test tube as a main reactor 
where the air can be removed perfectly. The continuous monitoring of silicate in pure 
water by connecting the proposed system with pure water production equipment which 
is treated with ion exchange resin could detect the degradation of the ion exchange resin 
accurately and quickly rather than by measuring electrical conductivity, and it can also 
be controlled and managed the quality of plant water safely and cost-effectively. 
Selenium in wastewater of coal-fired power plants exists in the form of tetravalent 
Se (Ⅳ) which is easy-to-treat and hexavalent Se(Ⅵ) which is difficult-to-treat, it is 
necessary to carry out speciation of Se (Ⅳ) and Se(Ⅵ), in order to determine the 
treatment conditions of selenium in wastewater treatment facilities. In this work, an 
ion chromatography-FIA method for selenium speciation was newly developed, where 
ion chromatography was applied to the separation of Se (Ⅳ) and Se(Ⅵ) and then FIA 
was used for the reduction of Se(Ⅵ) and color-developing reaction  subsequently. 
In this study, I developed new online automated monitoring systems based on flow 
based techniques and applied them to the practical monitoring of several components of 
surface treatment liquid of aluminum material and pure water in manufacturing plants.  
In the future, I aim to evaluate the effect of concentration fluctuations on processing 
performance, and to improve the product quality by linking with the automatic chemical 
injection system in addition to the enhancement of advanced management in plants. 
The speciation technique of selenium in wastewater of coal-fired power plants developed 
in this study will proceed to the construction of a continuous selenium monitoring 
system and will lead to compliance to the regulation of wastewater standard method 
and reduce the treatment cost for selenium removal procedure from wastewater. 
 
